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Renoir in VR: Comparing the Relaxation from
Artworks Inside and Outside of Virtual Reality
Johan Winther Kristensen[0000−0002−8940−9093], Lasse Lodberg Aafeldt, Peter
Kejser Jensen, Rebecca Pipaluk Vinther, and Hendrik
Knoche[0000−0003−3950−8453]
Aalborg University, Rendsburggade 14, 9000 Aalborg, Denmark
Abstract. Looking at artworks, experiencing nature, and being in vir-
tual reality (VR) environments can relax people. We tested if the relax-
ation from viewing art and nature images with music for ten minutes
while sitting in a recliner chair in a VR setup is different from experi-
encing the same content on a TV screen. Participants experienced this
relaxation intervention after having finished a Montreal Imaging Stress
Test. All tested conditions relaxed people but we found no significant
differences between them from neither subjective nor objective measures
in a between subjects study. However, trends in subjective and HRV
measures pointed towards VR being more relaxing than TV.
1 Introduction
Stress is a serious health concern in modern society with physiological, cognitive,
and behavioral consequences [18]. Hospitalized patients are particularly vulnera-
ble and stress can result in extended recovery time for them post-surgery [17,30].
A number of activities such as meditation and breathing exercises can relax
people. Other activities with potential relaxation benefits, which might also in-
trinsically motivate people to engage in them, include experiencing nature and
artworks [22]. Immobile patients can rely on mediated experiences e.g. seeing
nature through slide-shows on TV, which can be just as good at relaxing people
as going into real nature [15]. Navigating in a VR nature scene has been shown
to relax people more than viewing a slideshow in VR [31]. However, Anderson
et al. [1] questioned the validity of the study due to the comparison of a large
nature scene which people could walk around in and feel tactile feedback from
movement to not moving around while looking at a slideshow of static abstract
images. It was unclear whether it was the natural environment having a positive
effect over the abstract images or whether increased immersion had a natural
advantage for relaxing people.
We devised a study to test whether VR induces higher relaxation when de-
picting relaxing images than depicting those same images on a standard TV
screen after exposure to an artificial stressor. The study further investigated
whether potential advantages of VR are due to the removal of extraneous visual
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distractions. To that end we compared both physiological data (heart rate and
its variability) and self-reports from twenty-one participants. Participants expe-
riencing art in VR tended to find this more relaxing than participants watching
the same footage on a TV screen according to subjective measures.
2 Background
Stress can come from many different sources and result in many different effects.
People suffering from stress may show reactions in a physiological-, physical-,
and/or a behavioural manner [3,19]. Many studies have examined the effects
of stress on the body [18] including in clinical settings where stress has been
associated with longer recovery time post-surgery [30]. Higher cortisol levels,
which are associated with stress, negatively impact memory and cognition [23].
Several methods for relaxing exist such as people experiencing nature envi-
ronments, both real and virtual, as well as art [1,15,22,24,27,30]. Kjellgren et
al. [15] compared the relaxing effect of experiencing real nature in a forest for
30 minutes and a slide show of forest images displayed on a TV screen, and
found that the two environments were equally good at reducing stress. Nielsen
et al. [22] investigated the relaxing effect of art in hospitals by comparing a hos-
pital room over two weeks, with the room being without any art in one week
and filled with art the other week. The study found that art "... promotes an
experience of enhanced quality and satisfaction among patients." [22].
Other studies relied on virtual nature environments in VR to relax peo-
ple [16,24,31]. VR technologies immerse users through visuals and sound like
other types of media, such as television or films. But the key feature that distin-
guishes VR from other types of media is the sense of presence it induces [32]. As
advanced TV screens, VR can create the illusion of visual depth by providing an
image for each eye with a slight offset from each other. VR systems achieve this
through a head mounted display (HMD) [25]. More importantly, VR can provide
interaction in the form of translating head and/or body movements in the real
world to movements in the virtual environment. This activates the human sense
of proprioception, since the virtual environment behaves as if the user was using
six Degrees of Freedom (DOF) of movement in a real environment [13].
Previous VR studies aiming at relaxing people have immersed them in differ-
ent nature setups lasting from three [24] to 15 minutes [1]. This included watch-
ing a rendered jellyfish in an underwater environment [27], a rendered 3D park
scene [24], looking at rural Ireland [1] and a remote beach [1] both in 360◦ videos
and compared this to e.g. an empty class room in 360◦ videos [1]. All of these
studies had their participants seated and could move their heads to look around
the scene. Only the study by Riva et. al. allowed the participants to explore the
VR environment by using a controller to move around [24]. The objective of the
participants differed between the studies, ranged from simply visually exploring
the environment [1] to do deep breathing exercises in pace with part of the envi-
ronment [27]. Some studies employed comfortable chairs to further enhance the
participants sense of presence [1,34] while others used swivel chairs to simplify
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looking around in the scene while sitting [24,32]. Most studies using technology
to relax people were based in laboratories [1,15] or hospitals [22].
When evaluating stress or relaxation through interventions, studies relied on
obtaining subjective and objective measures usually in comparison to a baseline.
Subjective measures included the Perceived Stress Scale (PSS) [27], Positive and
Negative Affect Schedule (PANAS) [1,24,27], and the Relaxation Rating scale
(RRS) [27,34]. For the RRS, people rate their subjective relaxation on a Likert
scale from 1 to 7, with 1 being "Not Relaxed At All" and 7 being "Totally
Relaxed". Common physiological measures of stress or relaxation have included
breath rate [27], heart rate (HR) [6,8,31], heart rate variability (HRV) [1,27],
cortisol [7], and electrodermal activity (EDA) [1,31].
In terms of Heart Rate Variability (HRV) and measuring relaxation, the mea-
sures used have depended on the duration of the experimental design [6]. Short-
term experiments have lasted anywhere between two and 15 minutes [6,21], while
long-term designs should last for at least 24 hours [6]. HRV measures concerning
relaxation for short-term designs exist both in the time and frequency domain.
Recommended short-term time-domain measures are the percentage of consec-
utive NN intervals that differ by more than 50 ms (pNN50) and the square root
of the mean square differences of successive NN intervals (r-MSSD) [6]. Rec-
ommended short-term frequency-domain measures are HF power and LF/HF
ratio [6,20]. For frequency domain measures to yield valid data that can be
analysed alone, a minimum of four minutes of heart rate data is required [6].
An increase in all the mentioned HRV measures, except for LF/HF and LF,
indicate a relaxation response which is an increase in vagal tone of the parasym-
pathetic nervous system meaning the body is entering a rest-and-digest state.
An increase in LF/HF and LF instead indicates a stress response [28]. However,
there are disputes over the validity of the LF/HF ratio as a measure of cardiac
sympathovagal balance, the relationship between sympathetic nervous activity
(fight-or-flight), linked to LF, and the parasympathetic (rest-and-digest), linked
to HF. Some argue against it as a reliable measure [2], while others argue for its
continued use [6]
Methods of inducing stress both inside and outside VR environments have in-
cluded: the Golden Stroop [10], mental arithmetic tests [1,31],the Montreal Imag-
ing Stress Task (MIST) [4], and the Trier Social Stress Test (TSST) [7,12,14].
Deep breathing constitutes one approach to induce relaxation. Deep breathing
causes respiratory sinus arrythmia (an increase in heart rate when inhaling and
decreasing while exhaling) and in turn increases heart rate variability [26].
In summary, previous studies have found that using VR can help relax people
in stressful situations [1,27]. But it remains unclear whether the immersion pos-
sible in VR relaxes people more than watching the same content on a standard
TV screen.
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3 Study
We developed three different relaxing interventions all of which showed a slideshow
of images accompanied by music. The images included ten non-abstract artworks
and ten nature photographs - each shown for 30 seconds.
During one intervention the slideshow was shown on a TV screen. On each
side of the TV screen, we placed laptops as visual distractions. Each laptop
played a list of videos consisting of either movie trailers or music videos. These
laptop screens were positioned such that they were not the focus of the partic-
ipant, but were still able to be seen. They were 90◦ apart, measured from the
participant’s head (see Figure 2).
The other two interventions used VR to deliver the slideshow - with and
without visual distractors. Both limited the participants field of view to 90◦ by
using a plane with a transparent hole overlaid on the camera (c.f. Figure 1b).
One of the VR interventions replicated the visual distractions seen in the TV
condition by placing one on each side of the big image (see Figure 1b). We used
the same trailer and music videos as in the TV condition. The other VR inter-
vention featured no such distractions.
Procedure : The experiments took place in a quiet and isolated room. To
keep out any uncontrollable distractions, blankets blocked the windows as seen
in Figure 1a. The participants sat in a soft, comfortable recliner chair for the
entire duration of the experiment. For the VR condition a computer running
the VR scene was used along with an HTC Vive HMD including lighthouses for
tracking with 6-DOF.
After giving their consent, participants were fitted with a Polar H10 heart
rate belt that captured the participants interbeat intervals, which were retrieved
by Elite HRV [11] running on a smartphone. They were then seated in the chair.
To obtain valid frequency domain HRV measures we recorded five minutes of
baseline data before commencing with the experiment. See Figure 3 for the full
(a) The setup of TV and visual distrac-
tor laptop screens. Equipment used for
VR and a camera can also be seen.
(b) The VR scene. In the condition without dis-
tractors the two screens next to the paiting were
missing
Fig. 1. The experiment setup.
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Fig. 2. The placement of main and distractor screens, both for VR and TV conditions
timeline of the experiment. After the baseline measurement the participants filled
out an RRS to give their subjective relaxation.
As a stressor we decide on using the Montreal Imagning Stress Task, which
can be seen in Figure 4. In this test, the participants had to answer arithmetic
problems as fast as possible to achieve as high a score as possible. They were told
that they were able to see how well they were doing compared to the average
person. When doing well participants would get less time for each problem re-
sulting in a below average score. All participants completed this test in VR. We
instructed the participants on the controls, and the facilitator informed the par-
ticipant how much time was remaining during the stressor. This happened every
minute and when 30 and 10 seconds were remaining. When the five minutes had
passed, the participant rated their relaxation again using an RRS.
The participants then experienced one of three relaxation interventions: TV
with, VR with, or VR without visual distraction. All participants wore over-
the-ear headphones for the music during the intervention, while participants
Fig. 3. Timeline of the procedure
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experiencing the VR interventions also wore an HMD. After the intervention,
the participants filled out a third and final RRS. At the end the facilitator ex-
plained the nature of the experiment and gave the participants the opportunity
to relax. The participants could give comments or just have a little chat. After
a few minutes the measurements were stopped and the sensors removed. The
participants received sweets and juice as compensation for their time.
3.1 Participants
Twenty-one university students (two female) aged 19-26 years old (mean age: 22)
participated in the study - seven in each condition. All participants were asked
if they had any medical conditions such as psychiatric, chronic, or neurological
conditions or if they used any blood regulating medicine such as beta-blockers,
since that would have caused them to be excluded due to possible impacts on
HRV measures [1,24]. No participants were excluded based on these grounds.
4 Data processing and analysis
We checked the inter-beat intervals (IBI) for missing and extraneous heartbeats.
Using the RHRV toolkit [9], we computed average measures of heart rate, pNN50,
r-MSSD, HF power, and LF/HF ratio for each participant by episode (baseline,
stressor, and intervention). This relied on a window size for time-domain calcu-
lations of 300 seconds, with the RHRV default bin width of 7.8125 milliseconds.
The frequency-domain Fourier transform used a window size of 100 seconds and a
window shift of two seconds. For each condition, we inspected QQ-plots to check
whether the aggregated physiological measures per condition of the participants
were normally distributed.
We tested for significant differences between the interventions based on all
obtained measures as absolute values as is (absolute relaxation) and as relative
values computing the differences between the values during the stressor and
relaxation episodes (relative relaxation). We tested for significant differences
between the three condition, by running three pairwise tests with Bonferroni
corrections (0.05/3 = 0.017).
Fig. 4. A cropped screenshot of the MIST stressor
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(a) during the episodes by participant group
with 0.95 c.i. error bars
(b) Change in RRS from the stressor to the
intervention (relative relaxation)
Fig. 5. Subjective relaxation results (RRS)
5 Results
Both VR interventions yielded a higher average relaxation rating than the
TV intervention, both in terms of absolute and relative relaxation (see Fig-
ure 5). However, a Kruskal-Wallis rank sum test between the conditions found
no significant differences between the conditions - neither in absolute (F(2)=0.33,
p=0.85) nor relative relaxation (F(2)= 4.61,p=0.1). While the differences were
not statistically different, the trend of the RRS averages in Figure 5b showed
that the TV condition was less relaxing than the VR conditions. Remember that
all participants experienced the same baseline and stressor - only the relaxation
intervention differed.
Comparing the average HR of participants during the intervention with the
average HR during the stressor revealed a reduction during the intervention,
pointing towards a relaxing effect of all interventions (see Figure 6). According to
t-tests the participants’ heart rate was significantly lower during the intervention
than the stressor when comparing the absolute values for all three conditions
at the same time (t(37)=-2.90, p=0.01). Post-hoc t-tests found that the only
condition for which the change in HR during the intervention compared to the
baseline was significantly different from zero was for VR− (t(6)=-2.71, p=0.02).
But ANOVAs comparing these changes in HR during the intervention relative
to the baseline (F(2)=0.16, p=0.86) and relative to the stressor (F(2)=1.45,
p=0.26) episodes between the conditions found no significant differences between
the conditions. So, the findings from the t-test and ANOVAs did not match.
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(a) by participant group with 0.95 confidence
interval error bars
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(b) Change in HR from the stres-
sor with confidence intervals (red)
Fig. 6. Heart rate results
Table 1. All one-tailed p-values for the experiment, rounded to two decimals. P-values
lower than 0.15 are marked with a star (*). The pairwise tests are: I = V R+ > TV+,
II = V R− > TV+, III = V R− > V R+.
Absolute Relaxation Relative Relaxation
Condition I II III I II III
r-MSSD 0.13 * 0.95 0.98 0.40 0.27 0.36
LF/HF 0.064 * 0.064 * 0.355 0.519 0.684 0.742
HF 0.96 0.77 0.36 0.98 0.99 0.77
Since some participants had zero values in pNN50 indicating a floor effect, we
relied on the r-MSSD, LF/HF, and HF measures for the HRV analysis. QQ-plots
showed that none of the measures (r-MSSD, LF/HF, and HF) were normally
distributed and Mann-Whitney U tests were used to compare the three relaxation
interventions pairwise. Table 1 shows the p-values for these tests. There were no
significant differences, neither in absolute nor in relative relaxation for any of the
HRV measures. However, the pairwise tests comparing LF/HF measures during
VR+ with TV+ and VR- with TV+ were close to the 0.05 threshold for p (see
Table 1) indicating the tendency that both VR conditions were more relaxing
than the TV condition.
Relaxation Inside and Outside of Virtual Reality 9
6 Discussion
We found evidence from RRS and HR measures that all three interventions
relaxed people in contrast to the stressor. We did not compare the interventions
against the bodies natural relaxation by using a no-intervention control group
and can therefore not say how much better the intervention is compared to not
doing anything. However, this was not within the scope of our study. From stud-
ies by Anderson et al. [1] and de Kort et al. [16] showing that VR increased
immersion, we hypothesized that experiencing art in VR would be more relax-
ing than on a TV. Surprisingly, we found no such significant differences between
relaxation in VR and using a TV screen. But the trends from self-reports and
heart rate changes both pointed in the expected direction of VR being more re-
laxing than the TV condition. Given the low number of participants (seven per
condition) and the between subjects design this lack of significant result could
be due to a lack of statistical power for the ANOVA tests. Close to significant
differences in pairwise comparisons of HRV (see Table 1) added further evidence
in this direction. However, these tendencies came mostly from the LF/HF ra-
tio measure. Whether this represent a valid measure of sympathovagal balance
remains a point of controversy.
We expected the distracting videos to leave the participants less relaxed from
the art content, which did not turn out to be the case. For the experiment we
used two video playlists of well-known movie trailers and music videos as visual
distraction to determine if removing these via VR would have an influence on
participants’ relaxation. Human vision is better at spotting movement closer to
the edges of the vision [29,33]. Therefore, we set the visual distractions close to
the edge of the cone of vision rather than in the center. This resulted in 45◦
angles from the center of the slideshow to the center of the distractors. In VR,
the FOV limiter prevented the participants from viewing the entirety of both
distractor screens at the same time without moving their head. This limiting of
the videos could make the videos less distracting in the VR condition as only
parts of the video could be seen and therefore easier to ignore by participants,
or potentially add to the distracting effect as being able to only see part of
the video could be annoying. Although the differences between the conditions
were not significant trends showed the participants who experienced these videos
reported being more relaxed on the RRS on average than the participants who
did not experience the distractors. This could be because these videos were
familiar to the participants or that some participants found them relaxing.
Our study relied on an artificial stressor in a quiet environment, which might
have resulted in participants being already very relaxed creating a ceiling effect,
which did not allow for finding significant differences. Future studies, Using a
real stressor, e.g. people who are genuinely stressed from worrying and situated
in a stressful environment (such as a hospital) might be better suited at show-
ing differences between the the modes of delivery of art content. For example,
in the TV condition people would still be exposed to the extraneous activities
going on in the hospital. Such a future study would at the same time yield re-
sults with higher ecological validity than ours. To improve sensitivity researchers
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could consider measuring stress through measures other than heart rate and its
variability. Cortisol levels, while expensive and cumbersome to measure, have
been shown to be modulated by stress [5]. An option to increase immersion and
potentially relaxation from the artworks, which are only shown for a limited
amount of time, would be relying on animations such as the Ken Burns effect.
7 Conclusions
Subjective RRS responses and HRV measures showed that exposure to nature
and art images accompanied by music for ten minutes helped people relax after
doing mentally demanding arithmetics. Trends in heart rate variability measures,
such as heart rate, and subjective self-reporting did point towards VR being
more relaxing. But we found no significant difference between these conditions
- possibly due to a lack of statistical power. However, if indeed there were no
difference between these media option it would be good news for practitioners
using such interventions. It would be sufficient to present this kind of footage on
TV screens, which scale better for multiple viewers and do not require additional
equipment and setup such as HMDs.
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